Abstract: Non-volatile organic acids and amino acids are important flavor compounds in Pixian broad-bean paste, which is a traditional Chinese seasoning product. In this study, non-volatile organic acids, formed in the broad-bean paste due to the metabolism of large molecular compounds, are qualitatively and quantitatively determined by high-performance liquid chromatography (HPLC). Amino acids, mainly produced by hydrolysis of soybean proteins, were determined by the amino acid automatic analyzer. Results indicated that seven common organic acids and eighteen common amino acids were found in six Pixian broad-bean paste samples. The content of citric acid was found to be the highest in each sample, between 4.1 mg/g to 6.3 mg/g, and malic acid were between 2.1 mg/g to 3.6 mg/g ranked as the second. Moreover, fumaric acid was first detected in fermented bean pastes albeit with a low content. For amino acids, savory with lower sour taste including glutamine (Gln), glutamic acid (Glu), aspartic acid (Asp) and asparagines (Asn) were the most abundant, noted to be 6.5 mg/g, 4.0 mg/g, 6.4 mg/g, 4.9 mg/g, 6.2 mg/g and 10.2 mg/g, and bitter taste amino acids followed. More importantly, as important flavor materials in Pixian broad-bean paste, these two groups of substances are expected to be used to evaluate and represent the flavor quality of Pixian broad-bean paste. Moreover, the results revealed that citric acid, glutamic acid, methionine and proline were the most important flavor compounds. These findings are agreat contribution for evaluating the quality and further assessment of Pixian broad-bean paste.
Introduction
Soybean pastes as traditional fermented products originated from East Asia with different names (because they are from different countries: China, Korea, Japan). Due to the unique taste and various health benefits of soybean paste, such as anticancer, antihypertension, immunity, and antioxidative activity [1, 2] , consumption of the fermented soybean products is gradually expanding to the whole world [3] . As one kind of soybean paste and a traditional Chinese fermented product, Pixian broad-bean pastes produced from chili (Two Vitex), steamed broad-bean, salt, and wheat flour and usually ripened for one year to three years. The quality and taste of commercial soybean paste is mainly dependent on the initial ingredients, the process of fermentation and microorganisms [4] . standard were chromatographed separately, and the retention time and response of each organic acid were determined (Table 1 ). The individual organic acid standard was used to locate the retention time.
The standard curve for quantitative testing was formed by chromatographing different concentrations of mixed organic acids. The compositions of organic acids of six samples were qualitatively determined by comparing with retention time of standards ( Figure 1 ) and quantitatively determined by calculation with a standard curve ( Table 1 ). The retention time of oxalic acid, ketoglutaric acid, citric acid, tartaric acid, malic acid, succinic acid, lactic acid, fumaric acid and adipic acid was 7.7 min, 8.2 min, 9.3 min, 10 min, 11.1 min, 13.2 min, 14.9 min, 15.6 min, 17.1 min, respectively. The composition of organic acids in each sample is shown in Table 2 . A total of nine organic acids, including oxalic acid, succinic acid, fumaric acid, lactic acid, ketoglutaric acid, tartaric acid, malic acid, adipic acid and citric acid, were detected. However, result indicated that adipic acid was not detected in any samples, and ketoglutaric acid was found in sample 6 only. Simultaneously, fumaric acid was first detected in fermented bean pastes although the content was much lower than the other organic acids. The other six acids, as the main organic acids were identified in Pixian broad-bean paste samples based on the analysis. The content of total organic acids in six samples was ranged from 9.2781 mg/g to 12.3643 mg/g Pixian broad-bean paste on wet base. Choi and Kim compared organic acid contents of three Korean soybean sauce produced from different raw materials (non-germinated meju (MNG), germinated soybeans under light (MGL) and dark (MGD)). They found that total amount of six organic acids (tartaric acid, malic acid, lactic acid, acetic acid, citric acid and succinic acid), was (9.422 ± 0.7 mg/g, MNG), (10.756 ± 0.8 mg/g, MGL), (10.197 ± 0.8 mg/g, MGD) [22] . Another study found that the fermentation environment, the microbial population and the origin of raw soybeans had important effects on the organic acid content in the soybean paste [23] .
As can be seen in Table 2 , results revealed that citric acid content was highest in all six Pixian broad-bean samples while comparing to other organic acids, which is consistent with what Park et al. has reported. The citric acid in different samples were found to be 4.8283 mg/g, 6.3000 mg/g, 5.1342 mg/g, 5.2523 mg/g, 4.1978 mg/g and 4.3645 mg/g for samples 1-6, respectively. Citric acid, as one of the flavor content to be added to adjust the acidity, has the advantage of not forming insoluble precipitates with calcium and potassium [24] . Organic acids in the soybean paste, including citric acid, came from chili or bacteria metabolism in the late fermentation [25] . Citric acid is produced commercially by submerged fermentation using Aspergillus niger, and its applications include acidulation and flavor enhancement [26, 27] . Moreover, Sunitha used response surface method (RSM) to optimize the correlative microbial systems [28] . While the malic acid contents were between 2.1 to 3.6 mg/g ranked as the second, and the oxalic acid contents were between 1.7 to 2.4 mg/g. Ketoglutaric acid was detected at 0.33 mg/g only in sample 6. Similar to the findings in a commercial soybean paste from Park, most of common non-volatile organic acids were detected in all six Pixian broad-bean paste samples. However, in the study, no malonic acid and glutaric acid were detected, because sample type is different from that used. The composition of organic acids in each sample is shown in Table 2 . A total of nine organic acids, including oxalic acid, succinic acid, fumaric acid, lactic acid, ketoglutaric acid, tartaric acid, malic acid, adipic acid and citric acid, were detected. However, result indicated that adipic acid was not detected in any samples, and ketoglutaric acid was found in sample 6 only. Simultaneously, fumaric acid was first detected in fermented bean pastes although the content was much lower than the other organic acids. The other six acids, as the main organic 
Determination of Amino Acids
Amino acid contents in fermented samples of Pixian broad-bean paste were determined by the amino acid automatic analyzer. Different concentrations of the amino acid standard were chromatographed, which were used to form a standard curve for quantitative testing. The individual amino acids of six samples were qualitatively and quantitatively determined by comparison with standard chromatograms (Figure 2 ). Meanwhile, referring to Park et al., through the analysis of different taste of amino acids, amino acids were divided into five categories [13] , namely showing sweet with savory taste, savory with sour taste, bitter with sweet taste, bitter taste and salty taste (Table 3) . Different amino acids contributed to the different category taste. The first class was tasted sweet with lower savory (threonine (Thr), serine (Ser), glycine (Gly), alanine (Ala) and proline (Pro)), the second class was tasted savory with sour (glutamine (Gln), glutamic acid (Glu), aspartic acid (Asp) and asparagine (Asn), the third was tasted bitter with lower savory (lysine (Lys), histidine (His) and arginine (Arg), the forth class was only tasted bitter (methionine (Met), isoleucine (Ile), leucine (Leu), valine (Val), tyrosine (Tyr), phenylalanine (Phe)), and the last class was cysteine (Cys), which tasted salty. Results indicated that a total of twenty amino acids, including eighteen amino acids and two amides in each sample, were analyzed from Table 4 . However, the compounds ofglutamine (Gln) and cysteine (Cys) were not detected in any samples. Meanwhile, the rest of the eighteen amino acids which were compared and analyzed were in the samples. Most of amino acids occur in Pixian broad-bean paste as a result of microbial activity and proteolysis. Moreover, some changes in amino acid content can be detected during the fermentation process. Studies have shown that most of the free amino acid contents during the fermentation process increased about 60 times [18] . On the other hand, some of amino acids were decreased, because the degree of soy proteins metabolized was greater than proteolysis [29] .
In this work, the most abundant of amino acids with savory with the sour taste was detected in these six samples. According to the result in Table 4 , the total amount of the four amino acids was noted to be 6.5 mg/g, 4.0 mg/g, 6.4 mg/g, 4.9 mg/g, 6.2 mg/g and 10.2 mg/g Pixian broad-bean paste on wet base. Kim and Rhee found that glutamic acid, aspartic acid in Doenjang samples had savory taste, which results from the hydrolysis of soybean proteins [30] . Han and Frans found that glutamic acid was the most abundant amino acid, followed by aspartic acid, representing together around 30% in sufu [18] . The results were consistent with earlier reports, among those six samples, half of them had the highest content of glutamic acid, and the content of the aspartic acid in the other three were the highest. More interestingly, both of the two amino acids had savory with lower sour flavor. The glutamic acid in combination with salt (NaCl) could provide the flavor appealing to the consumers [31] . Bitter taste and sweet with savory taste amino acids, ranked as the second and the third, were noted to be 4.4 mg/g, 3.9 mg/g, 6.0 mg/g, 4.1 mg/g, 4.5 mg/g, 11.1 mg/g and 5.1 mg/g, 3.9 mg/g, 5.5 mg/g, 4.0 mg/g, 4.9 mg/g, 9.9 mg/g for samples 1-6, respectively. Similar findings were observed that threonine (Thr), serine (Ser), glycine (Gly), alanine (Ala) amino acids contributed to the sweet taste of Doenjang samples [32] . In addition, there was a small amount of bitter with lower sweet amino acid ingredients in the six samples, and types of amino acids may vary depending on the sample type. ANOVA-PLSR was used to process the mean data accumulated from organic acids, amino acids and sensory evaluation by the panelists [33] . 24 taste-active compounds were used as variables in the subsequent PLSR analysis. As shown in Figure 3 , the X-matrix was designed as sensory variables, and the Y-matrix was designed as samples taste-active compounds. The calibrated explained variance for this model was PC1 = 51% and PC2 = 40%. It was presented the correlation loadings plot that the big and small circles indicated 50% and 100% explained variances, respectively [33] . Almost all the compounds except malic acid and Fumaric acid were placed between the inner and outer ellipses, indicating they were well explained by the PLSR model. Results indicated that sour taste was associated with citric acid and bitter taste was correlative with oxalic acid. Compared with other samples, as revealed in Figure 4 , sample 2 had the most citric acid and it had the highest score in sour taste, which can confirm the above point of view. Meanwhile, savory taste was in the right upper hand quadrant and correlated with much of amino acids especially glutamic acid, methionine and proline. This was in accordance with the sensory evaluation results (Figure 4 ). While sample6 contained the most glutamic acid, methionine and proline comparing with other samples, and showed the highest score in savory taste. For instance, citric acid, glutamic acid, methionine and proline can be regarded as the most important flavor compounds in the Pixian broad-bean paste. 
Relationship between Pixian Broad-Bean Paste Samples, Organic Acids, Amino Acids and Sensory Attributes
ANOVA-PLSR was used to process the mean data accumulated from organic acids, amino acids and sensory evaluation by the panelists [33] . 24 taste-active compounds were used as variables in the subsequent PLSR analysis. As shown in Figure 3 , the X-matrix was designed as sensory variables, and the Y-matrix was designed as samples taste-active compounds. The calibrated explained variance for this model was PC1 = 51% and PC2 = 40%. It was presented the correlation loadings plot that the big and small circles indicated 50% and 100% explained variances, respectively [33] . Almost all the compounds except malic acid and Fumaric acid were placed between the inner and outer ellipses, indicating they were well explained by the PLSR model. Results indicated that sour taste was associated with citric acid and bitter taste was correlative with oxalic acid. Compared with other samples, as revealed in Figure 4 , sample 2 had the most citric acid and it had the highest score in sour taste, which can confirm the above point of view. Meanwhile, savory taste was in the right upper hand quadrant and correlated with much of amino acids especially glutamic acid, methionine and proline. This was in accordance with the sensory evaluation results (Figure 4 ). While sample6 contained the most glutamic acid, methionine and proline comparing with other samples, and showed the highest score in savory taste. For instance, citric acid, glutamic acid, methionine and proline can be regarded as the most important flavor compounds in the Pixian broad-bean paste. 
Materials and Methods

Materials
A total of six Pixian broad-bean paste samples were obtained from Chengdu, including sample 1 (Sichuan Province Dandan Condiment Co. Ltd., Chengdu, China), sample 2 (Sichuan Pixiandouban Co. Ltd., Chengdu, China), sample 3 (Sichuan Gaofuji Food Co. Ltd., Chengdu, China), sample 4 (Chuanjiao Branch Co. of Sichuan Youlian Seasoning and Foods Co. Ltd., Chengdu, China), sample 5 (Sichuan Chuanpidouban Co. Ltd., Chengdu, China) and sample 6 (Chengdu Wangfeng Food Co. Ltd., Chengdu, China). Fermentation period of all Pixian broad-bean paste samples was near one year. The samples were ground and stored at 4 °C until analysis.
All chemicals used in this study were of the analytical and chromatographic grade. Standard organic acids (oxalic acid, tartaric acid, citric acid, lactic acid) were purchased from Kelong chemical plant (Chengdu, China). Other standards such as succinic acid, ketoglutaric acid, fumaric acid and adipic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA), while malic acid was purchased from Aladdin Bio-Chem Technology Co. Ltd. (Shanghai, China). All amino acid standards were obtained from Seebio Biotechnology Co. Ltd. (Shanghai, China). For amino acid analysis in the automatic amino acid analyzer, ion exchange column was pre-standardized using all amino acid standards.
Preparation of Standard Solution
Solutions of the individual organic acid standard and mix standard solution were prepared separately. Referring to some fermented bean paste articles, organic acids including nine were detected. Standard solution of organic acids (oxalic acid, succinic acid, fumaric acid, lactic acid and ketoglutaric acid) was prepared at 0.5 g/L, standard solution of organic acids (tartaric acid, malic acid) was prepared at 1 g/L, and standard solution of organic acids (adipic acid, citric acid) was prepared at 2 g/L concentration in 10 mL distilled water. The standard solution of amino acid was prepared according to GB/T 30987-2014 [34] . All standard solutions were stored at 4 °C until the further use. 
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Preparation of Standard Solution
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Measurement of Non-Volatile Organic Acids
To measure the contents of non-volatile organic acidsin six Pixian broad-bean paste samples, a previous method of Shruti Shukla [14] was adopted. Briefly, 2.5 g of each sample was vortex stirred with 20 mL of ethanol (72%, v/v) for 1 min (MVS-1 spiral mixer, Beijing, China) and supersonic extracted for 30 min at 37 • C (KH3200E ultrasonic cleaners, Kunshan, China), and then centrifuged at 3500 rpm/min for 10 min at 4 • C (TDZ5-WS centrifuge, Shanghai, China). The residue was again extracted twice with 15 mL and 10 mL respectively of 72% ethanol and centrifuged. Each supernatant was collected in a 50 mL volumetric flask, anddiluted with 72% ethanol to volume. Extracted components were purified by chromclean™ SAX (SWELL, Chengdu, China) 500 mg/6 mL (reactivated with 3 mL of methanol and 3 mL of distilled water). Take 5 mL of the collection solution in the SAX column until it slowly shed, and discard the effluent. The column was then rinsed with 5 mL of distilled water and eluted with 5 mL of hydrochloric acid solution (20%, v/v), controlling the flow rate at 1 mL/min to 2 mL/min. The eluate was passed through a 0.45 µm filter and placed in a vial.
Measurement of Amino Acids
Measurement of amino acids contents in six Pixian broad-bean paste samples was extracted with distilled water. 2.5 g of each sample was supersonic extraction with 100 mL distilled water for 30 min at 35 • C (KH3200E ultrasonic cleaners, Kunshan, China), and then centrifuged at 10,000 rpm/min for 15 min at 4 • C (TDZ5-WS centrifuge, Shanghai, China). The supernatant was passed through a 0.45 µm filter and placed in a vial [34] .
Chromatographic Conditions
HPLC Equipment and Conditions
Qualitative and quantitative analysis of non-volatile organic acidsin Pixian broad-bean paste was carried out through HPLC (Waters, Suzhou, China), using Waters HPLC separation module (e-2695) coupled with Photodiode Array Detector (2998) and an Aminex HPX-87H Ion Exclusion column (300 mm × 7.8 mm, 3 µm). The 0.005 mol/L sulfuric acid solution was used as mobile phase with a flow rate of 0.5 mL/min, and the column temperature was 60 • C. The injection volume was 20 µL, and wavelength was 210 nm. The concentration of non-volatile organic acidsin Pixian broad-bean paste samples was determined by the peak area of standard samples.
Amino Acid Automatic Analyzer Equipment and Conditions
Qualitative and quantitative analysis of amino acids in Pixian broad-bean paste was carried out through the amino acid automatic analyzer, a previous method of GB/T 30987-2014 was adopted, using an amino acid automatic analyzer (L-8900, Hitachi, Japan) and an ion exchange column (PF 4.6 mm × 60 mm). The mobile phase was with a flow rate of 0.35 mL/min, and the column temperature was 135 • C. The reaction liquid flow rate was 0.3 mL/min, wavelength decreased to 440 nm from 570 nm, and the injection volume was 20 µL. The concentration of amino acids in Pixian broad-bean paste samples was determined by the peak area of standard samples.
Sensory Evaluation
Quantitative descriptive sensory analysis was applied for evaluation of the Pixian broad-bean paste samples, using a ten-point interval scale (0 = none, 9 = extremely strong). The sensory evaluated panel was made of 15 females and 5 males, 20-30 years old, trained according to GB/T 16291.1-2012 [35] . Sensory sessions took place in a sensory laboratory, which complied with international standards for test room [36] . From the discussion and pre-experiment with the panel, the reference materials of taste and mouth feel were as follows: sour (0.03% citric acid), sweet (1% glucose), bitter (0.9% quinine sulphate), salty (1% salt), savory (0.2% sodium glutamate). Sensory evaluation was performed in coded, tasting cup containing 20 mL water with 1 gram samples. Samples were presented in a random order [36] .
Statistical Analysis
Samples were tested in triplicate for each Pixian broad-bean paste and results were expressed as the mean value ± standard deviation (S.D.). The triplicate samples were statistically analyzed using SPSS 17.0 for Windows (SPSS Statistics, Chicago, IL, USA) via analysis of variance (ANOVA) and Student-Newman-Keuls tests (S-N-K). The differences were recognized as significant at p < 0.05. PLSR analysis was used to explore the relationship between Pixian broad-bean paste samples, sensory data and taste-active compounds of 6 samples through UNSCRAMBLER 9.7 (CAMO ASA, Oslo, Norway).
Conclusions
In this study, non-volatile organic acids, and amino acids in Pixian broad-bean paste were qualitatively and quantitatively analyzed by HPLC and amino acid automatic analyzer, respectively. It was found that the fermentation process produced various organic acids and amino acids, and types and contents may vary depending on the sample origin. There were eight organic acids and eighteen amino acids found in six samples in this investigation, including fumaric acid which was first detected in fermented bean pasts. For instance, the flavor compounds of citric acid, glutamic acid, methionine and proline might be the most important flavor compounds for evaluating the quality and further assessment of Pixian broad-bean paste. 
